In this paper, an adaptive TS-FNN sliding mode control is proposed for a class of nonlinear time-delay systems with uncertainties. In the presence of mismatched uncertainties, we introduce a novel sliding surface design to keep the sliding motion insensitive to uncertainties and time-delay. Although the form of the sliding surface is as similar as conventional schemes [13] - [15] , a delay-independent sufficient condition for the existence of the asymptotic sliding surface is obtained by appropriately using the Lyapunov-Krasoviskii stability method and LMI techniques. Furthermore, the gain condition is transformed in terms of a simple and legible LMI. Here less limitation on the uncertainty is required. When the asymptotic sliding surface is constructed, the ideal and TS-FNN-based reaching laws are derived. The TS-FNN combining TS fuzzy rules and neural network provides a near ideal reaching law. Meanwhile, the error between the ideal and TS-FNN reaching laws is compensated by adaptively gained switching control law. The advantages of the proposed TS-FNN are: i) allowing fewer fuzzy rules for complex systems (since the Then-part of fuzzy rules can be properly chosen); and ii) a small switching gain is used (since the uncertainty is indirectly cancelled by the TS-FNN). As a result, the adaptive TS-FNN sliding mode controller achieves asymptotic stabilization for a class of uncertain nonlinear time-delay systems. This paper is organized as follows. The problem formulation is given in Section 2. The sliding surface design and ideal sliding mode controller are given in Section 3. In Section 4, the adaptive TS-FNN control scheme is developed to solve the robust control problem of time-delay systems. Section 5 shows simulation results to verify the validity of the proposed method. Some concluding remarks are finally made in Section 6.
Problem description
Consider a class of nonlinear time-delay systems described by the following differential equation: 1 1 () ( )( 
www.intechopen.com are presented, the dynamical model is closer to practical situations which are more complex than the cases considered in [13] - [15] . Indeed, the control objective is to determine a robust adaptive fuzzy controller such that the state () xt converges to zero. Since high uncertainty is considered here, we want to derive a sliding-mode control (SMC) based design for the control goal. Note that the system (1) is not the Isidori-Bynes canonical form [21] , [24] such that a new design approaches of sliding surface and reaching control law is proposed in the following.
Sliding surface design
Due to the high uncertainty and nonlinearity in the system (1), an asymptotically stable sliding surface is difficultly obtained in current sliding mode control. This section presents an alternative approach to design an asymptotic stable sliding surface below. Without loss of generality, let the sliding surface denote . Thus, the result of sliding surface design is stated in the following theorem. Theorem 1: Consider the system (1) lie in the sliding surface (6) . The sliding motion is asymptotically stable independent of delay, i.e., (*) (*) (*) 
II are identity matrices with proper dimensions; and (*) denotes the transposed elements in the symmetric positions. ■ Proof: When the system (1) lie in the sliding surface (6), the sliding motion is described by the dynamics (7) . To analysis the stability of the sliding motion, let us define the following Lyapunov-Krasoviskii function (*) (*) (*) (*) (*) (*)
Note that the second term 2 Ω can be further rewritten in the form: (8) 
If the plant dynamics and delay-time are exactly known, then the control problem can be solved by the so-called feedback linearization method [24] . In this case, the ideal control law
where f k is a positive control gain. Then the ideal control law (10) = . This implies that the system (1) reaches the sliding surface () 0 St = for any start initial conditions. Therefore, the ideal control law provides the following result. Unfortunately, the ideal control law (10) is unrealizable in practice applications due to the poor modeled dynamics. To overcome this difficulty, we will present a robust reaching control law by using an adaptive TS-FNN control in next section.
TS-FNN-based sliding mode control
In control engineering, neural network is usually used as a tool for modeling nonlinear system functions because of their good capabilities in function approximation. In this section, the TS-FNN [26] In turn, the output of the TS-FNN is rewritten in the form:
Thus, the above TS-FNN has a simple structure, which is easily implemented in comparison of traditional FNN. Moreover, the signal z can be appropriately selected for more complex function approximation. In other words, we can use less fuzzy rules to achieve a better approximation. According to the uniform approximation theorem [19] , there exists an optimal parametric vector * θ of the TS-FNN which arbitrarily accurately approximates the ideal control law * () ut. This implies that the ideal control law can be expressed in terms of an optimal TS-FNN as * () ( )
is a minimum approximation error which is assumed to be upper bounded in a compact discussion region. Meanwhile, the output of the TS-FNN is further rewritten in the following form:
where * θ θθ =− is the estimation error of the optimal parameter. Then, the tuning law of the FNN is derived below. Based on the proposed TS-FNN, the overall control law is set to () ut is designed to cope with the difference between the idea control law and the TS-FNN control. Then, applying the control law (15) and the expression form of () n ut in (10), the error dynamics of S is obtained as follows: () xt will is asymptotically sliding to the origin. The results will be similar when we replace another FNN [26] or NN [27] with the TS-FNN, but the slight different to transient.
Simulation results
In this section, the proposed TS-FNN sliding mode controller is applied to two uncertain time-delay system. Example 1: Consider an uncertain time-delay system described by the dynamical equation (1) 
It is easily checked that Assumptions 1~3 are satisfied for the above system. Moreover, for Assumption 3, the uncertain matrices 
11 The error signal S is thus created from (6). Next, the TS-FNN (11) www.intechopen.com
Example 2: Consider a chaotic system with multiple time-dely system. The nonlinear system is described by the dynamical equation (1) www.intechopen.com
Conclusion
In this paper, the robust control problem of a class of uncertain nonlinear time-delay systems has been solved by the proposed TS-FNN sliding mode control scheme. Although the system dynamics with mismatched uncertainties is not an Isidori-Bynes canonical form, the sliding surface design using LMI techniques achieves an asymptotic sliding motion. Moreover, the stability condition of the sliding motion is derived to be independent on the delay time. Based on the sliding surface design, and TS-FNN-based sliding mode control laws assure the robust control goal. Although the system has high uncertainties (here both state and input uncertainties are considered), the adaptive TS-FNN realizes the ideal reaching law and guarantees the asymptotic convergence of the states. Simulation results have demonstrated some favorable control performance by using the proposed controller for a three-dimensional uncertain time-delay system. Consequently, the problem of controllability, observability, robustness, optimization, adaptive control, pole placement and particularly stability and robustness stabilization for this class of systems, has been one of the main interests for many scientists and researchers during the last five decades.
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